• The synthetic androgen 17 a-methyltestosterone has been found to lower serum cholesterol concentrations in human beings maintained on low protein intakes, 1 and in dogs 2 and rats 3 fed standard laboratory diets. It failed to lower the serum cholesterol levels in rats made hypereholesteremic by the addition of cholesterol and cholic acid to their diet. 3 In the present study, the hypocholesteremic action of methyl testosterone was studied in dogs in which elevated serum cholesterol levels had been produced by adding cholesterol to their diets or by depressing thyroid function by thiouracil. Changes in serum total cholesterol concentrations and in the distribution of cholesterol between the a-and /Mipoprotein fractious of serum were determined.
Methods
Groups of three to five clogs were studied. The dogs were housed in individual cages and fed a stock diet consisting of Kibbled Dog Bisquits * which contained 3 Gin. of fat and 22 mg. of cholesterol per .100 Gin. The high fat diet was prepared by mixing 200 parts of the commercial dog food, 45 parts of lard or corn oil, and 100 parts of canned horseraeat. This diet supplied 45 per cent of the calories as fat. The high cholesterol diets were prepared by treating the commercial dog food with the calculated amount of cholesterol, as described previously 4 ; 17 a-metliyltestosterone was supplied either in the form of gelatin capsules for oral administration or as a solution in sesame oil and benzyl benzoate for intramuscular administration. Serum samples were analyzed for serum total cholesterol weekly or biweekly by the Schoenheimer-Sperry method 5 or by the Abell method. 0 -" At 2-to 4-week intervals, serum from each dog was fractionated in the preparative ultraeentrifuge (Spinco Model L). A low density (j8-lipoprotein) fraction and a high density (a-lipoprotein) fraction were isolated by centrifuging the serum at a specific gravity of 1.063 and 40,000 r.p.m. for 20 hours. This procedure was based on the method of Havel, Eder, and Bragdon. 7 The tubes were sliced in the middle and the upper (low density /?-lipoprotein) and lower (high density a-lipoprotein) fractions were transferred to volumetric cylinders. The tubes were washed exhaustively with 0.9 per cent NaCl solution and the washings added to the appropriate fractions. Aliquots were analyzed for total cholesterol by the method by Abell/' Table 1 presents the effect of oral methyltestosterone in a group of five dogs maintained on the low fat-stock diet with and without the addition of cholesterol. As previously observed by Furman, 2 the oral administration of methyl testosterone produced a highly significant fall of the serum total .cholesterol concentration from an average of 172 mg. per 100 cc. to an average of 105 mg. per 100 ec. An equally striking decrease from an average of 316 mg. per 100 cc. to an average of 175 mg. per 100 cc. was observed in the dogs receiving the high cholesterol diet. This decrease was due to a lowered cholesterol content of both lipoprotein fractions.
Results
The experiment shown in table 2 was performed to determine whether methyl testosterone would produce a similar effect when *In this laboratory, the two methods yielded identical results for serum total cholesterol. administered parenterally. After four weeks, the daily intramuscular injection of 200 mg. of methyltestosterone produced an even more pronounced effect; the average decrease in serum cholesterol levels was from 148 mg. per 100 cc. to 57 mg. per 100 cc. The effect was clearly present after one week. Table 3 illustrates that the institution of the high fat-lard diet for 41 weeks produced only minor changes in serum total cholesterol levels. When methyltestosterone was administered to these dogs, the serum cholesterol concentration dropped from an average of 180 mg. per 100 ec. to an average of 90 mg. per 100 ec. with proportionate decreases in both lipoprotein fractions. When 1.5 per cent cholesterol was added to the high fat diet, the serum cholesterol concentrations rose; this rise was due mainly to an increase of the cholesterol content of the /3-lipoprotein fraction, from 50 mg. per 100 cc. to 365 mg. per 100 cc. on the average. The oral administration of methyltestosterone to the dogs fed the high fat -high cholesterol diet had no effect upon the serum total cholesterol concentration, even if the dose of the drug was increased from 200 mg. per day to 400 or 600 mg. per day. Although the hypocholesteremie effect of the drug could be demonstrated in the a-lipoprotein fraction, the cholesterol content of the jS-fraction increased.
TABLE 1

Effect of Oral Administration of Methyltestosterone on Serum Cholesterol Pattern of Dogs" on the Stock Diet With and Without Added Cholesterol
The results obtained with a group of five dogs kept on a diet in which corn oil was substituted for lard are demonstrated in table 4. Methyltestosterone Avas effective in lowering the serum cholesterol concentration only when cholesterol was not added to the diet. When excess cholesterol was present, the a-lipoprotein fraction showed a drop in cholesterol content which was compensated for by an increase of the cholesterol content ol' the /3-fraction.
The effect of methyltestosterone in dogs treated with the thyroid-depressant agent thiouracil is shown in table 5. Pour dogs received 50 mg./Kg. of thiouracil daily while ABELL, MOSBACH, KENDALL being maintained on a high fat-lard diet. When 200 mg. per day of methyltestosterone was administered to these hypothyroid dogs, the serum cholesterol concentration fell from an average of 392 mg. per 100 cc. to an average of 288 mg. per 100 ce.; the drug was effective mainly in lowering the cholesterol content of the a-fraction.
Discussion
The data reported here confirm the findings of Furman-that methyltestosterone lowers serum cholesterol concentrations of dogs on a diet low in fat and cholesterol. When the dogs were fed the low fat diet with 2 per cent added cholesterol, the expected changes of the serum cholesterol pattern were observed.
There was an increase of total serum cholesterol, from an average of 172 mg. per 100 cc. to an average of 316 mg. per 100 cc. The ratio of cholesterol content of the a-and /3lipoprotein fractions changed from 2.0 to 0.75. The synthetic androgen, 17 «-methyltestosterone, reduced the serum cholesterol levels of cholesterol-fed dogs to the normal values observed with the low cholesterol-stock diet. However., the relative distribution of cholesterol between the two lipoprotein fractions remained 0.78, a ratio which resembles that observed in the dogs kept on the high cholesterol diet alone.
Methyltestosterone was effective in lowering the serum cholesterol concentrations of euthy- roid dogs kept on diets containing large amounts of fat (45 per cent of the calories) as lard or corn oil. However, the lowering of the serum cholesterol levels was not observed when 1.5 per cent cholesterol was added to the high fat diet. Although the cholesterol content of the <t-lipoprotein fraction Avas greatly reduced in each instance, the cholesterol content of the /^-fraction was increased to such a degree that any effect on total serum cholesterol concentrations was masked. An increase of the dose of the drug, from 200 ing. per day to 400 and 600 mg. per day (approaching toxic levels) produced no significant, change. The failure of metliyltestosterone to lower serum cholesterol levels in dogs receiving the high fat-high cholesterol diets is unexplained. The hypothesis that it is due to the nature and proportion of the three major foodstuffs in this diet is under investigation.
Effect of Metht/Uestosterone* on the Serum Cholesterol Pattern of Hypothyroid Dogs^ on a High Fat Diet
It, is well known that the depression of thyroid function leads to elevated serum cholesterol levels in dogs, 4 and it seemed of interest to examine the effect of methyltestosterone in dogs treated with the thyroid-depressant agent, thiouracil. The hypocholesteremic action of methyltestosterone in hypothyroid dogs on a high fat diet was predominantly due to a decrease of the cholesterol content of the o:-lipoprotein fraction, from an average of 129 mg. per 100 cc. to an average of 61 ing. per 100 cc.
That the daily intramuscular injection of 200 m» \ of the drug produced an even more intense hypocholesteremia than the oral dose allows some tentative conclusions as to its Circulation Research, Volume X, June 1962 mode of action. This synthetic androgen probably does not exert its effect by interfering with the absorption of cholesterol from the intestinal tract in a manner proposed for sitosterol and similar plant sterols, 8 although an indirect effect on the absorption of cholesterol is not ruled out.
The drug was active in both male and female dogs and did not suppress estrus in the females. It should be noted that the dose required to obtain the hypocholesteremic effect (200 mg. per day) greatly exceeds what is considered a physiological dose of an androgen. 9 This suggests that the action of the drug may not be related to its androgenie function, but may be associated with its anabolic, protein-sparing action. Since methyltestosterone acted predominantly on the cholesterol content of the a-lipoprotein fraction, it is possible that it may play a role in the synthesis of this substance by the liver and its subsequent release into the blood stream.
Summary
It has been confirmed that the oral administration of 17 a-methyltestosterone lowers the serum cholesterol concentrations of dogs fed a stock diet containing 3 Gm. of fat and 22 mg. of cholesterol per 100 Gm. The elevated serum cholesterol levels of cholesterolfed euthyroid dogs, and of hypothyroid dogs fed a high fat diet, were significantly lowered by the oral administration of 17 «-methyltestosterone. The hypocholesteremic effect of 17 a-methyltestosterone was also observed in dogs maintained on a high fat -low cholesterol diet, but not on the same high fat diet sup-plemented with 1.5 per cent cholesterol. When 17 a-methyltestosterone was given by intramuscular injection in the same dosage as used for oral administration, the hypocholesteremic effect was more rapid and pronounced than that seen following oral administration; 17 a-inethyltestosterone consistently lowered the cholesterol content of the a-lipoprotein fraction. Its effect on the /^-fraction depended upon the composition of the diet.
